The paper presents the method of modeling and simulation of production logistics systems. Finding and eliminating bottlenecks is the main goal of this method. Production system is identified using IDEF0 methodology. The model is constructed as a system of equations, which describe the elements of the production system in the relationships between them. The special category of resources -logistics resources is distinguished. A special parameter called "flow" is introduced. The algorithms to compute this parameter and to use it in order to find and eliminate bottlenecks are described. The results of simulation experiment are presented.
INTRODUCTION
The method of the fast analysis of production logistics systems using simulation was developed by the authors of this paper. The suggested simulation represents MRP simulation type (Ingalls 2008; Lee, Son and Wysk 2007) . However, due to some of its features, the simulation exceeds the typical range of MRP kind of simulation. It is assumed that MRP simulations are the forecasting 'what-if' simulations which are usually related to specific, individual situations -case study (Byme and Bakir 1999) . The proposed method can be located between operational and tactic level. (Kosturiak and Gregor 1999) . See Figure 1 . The presented solution suggests the method of modelling the production logistics system and the method of finding and eliminating bottlenecks with use of simulation. This is a solution of a universal kind, which makes it possible to apply the method to analyzing various structures of production processes.
The method provides a manager with an opportunity to compare the resources available in the production logistics system in a certain time frame with the resources requirement resulting from the production programme within the same period. Additionally the method gives recommendations referring to the re-allocation of particular resources, enabling a simulation of various variants of resources allocation and a comparison of selected variants.
The method is based on a model of a production system (Pacholski, Cempel and Pawlewski 2009 ). The model is constructed as a system of equations, which describe the elements of the production system and the relationships between them. Special consideration is given to the precise description of resources identification, availability and requirements. A special category of resources, resources of the logistic system (logistics resources) is separated. The creation of this resources category is based on one special feature -the possibility of sharing it between particular operations connected to the material flow. For example, internal transport equipment can be used for the simultaneous translocation of different types of material, and the storage area belonging to one production unit can serve another production unit , too.
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Resulting from a special feature of logistics resources, the chance of an apparent re-allocation and sharing of the resources at the same time, operations of these kinds of resources are described within the model. A special parameter called "flow" has also been introduced. This parameter is used for describing the possibly undisturbed flow of material between the structural units (resource-operation unit -RO) of manufacturing. The "flow" is defined as the difference between the sum of all the resource requirements for production units connected by the material flow and the sum of all the resources available for these units. This parameter is defined for each kind of logistics resource.
Paper is organized as follow: in section 2 the production system is identified and its graph is presented, theory of modeling and simulation method is described using formal definitions in section 3, section 4 contains results of simulation experiment and suggestions to eliminate bottlenecks, final conclusions are stated in section 5. (Kosturiak and Gregor 1999) The place of presented simulation method. PROCDUCTION SYSTEM IDENTIFICATION The research was done based on the data collected for the sake of projects developed by the Institute of Management Technology at Poznan University of Technology and ordered by one of machine-building industry enterprises. The purpose of the order was to introduce a system called KWSP based on the MRP II concept. The investigated object is a typical cooperation company, since all the finished products are units, components and parts which are passed on for further assembly. The company specializes in the production of units and components for agricultural machinery, especially:
• three-nodes suspension systems for tractors • straw shredders as parts of harvesters • other parts and units (e.g. frames for cultivators).
The machinery installed in the enterprise is typical for machine-building companies and it mainly consists of: turning lathes, milling machines, rolling mills, drilling machines, presses, frame saws and guillotine shears, fettling and cleaning machines, semi-automatic welder and automatic machine for oxygen-cutting and assembly, locksmith's and painting stands. A full list of machines grouped into RO (groups of uniform stands according to MRP II concept) is shown in Table 1 . Friction screw press OPC 120 24
Assembly stand
The diagram of the production structure of the company is shown in Figure 2 . The production structure consists of four technology-oriented production units, which are managed by foremen. There are no object-oriented production units in the structure of the company. The full production assortment includes 328 items. The phase of the final assembly of ten assortment items was subjected to an analysis and simulation. At this stage, the production system consists of a set of 25 structural units RO. Based on a full set of data imported from KWSP system, a set of data including the final assembly phase was prepared. The model of the production logistic system was developed on the basis of technological routes obtained from data included in MRP II system. It refers to the final assembly of ten assortment items. The model is show in the form of a graph in Figure 3 . Figure 3: Graph of the analyzed production system
MODELING AND SIMULATION METHOD -THEORY
This section presents formal definitions which are necessary to define "model of flow" of materials within the production logistics system. Based on defined structural unit RO -resource operation, the list of pairs RO is built, the logistics flow matrix is formed and finally algorithm to find bottlenecks is presented. 
where: a l -element of assortment set, l -product, l ∈ <1, s>, s -number of products in the analyzed set.
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Every l element of a l is described by the following parameters: 
Definition of RO was developed as a result of the analysis of IDEF0 methodology and systems based on MRPII concept. RO is connected with ICOM concept applied in IDEF0 methodology. The benefit of IDEF0 methodology is that it allows combining system functions like activities, actions, processes, and operations, functional relationships and data that support integration of systems. The main components of IDEF0 model are the diagrams which are constructed of boxes and arrows. The box is respondent to the function (activity), the arrows identify data or objects needed or produced by the function (ICOM : I -Input, C -Control, O -Output, M -Mechanism). In the proposed by the authors approach RO refers to the description of Mechanism and Function.
To define the concept logistics resources we use its presentation in form of logistic matrix including following dimension: logistics processes and logistics subsystems. Logistic matrix presents Table 2 . In following matrix:
• columns present typical logistic subsystems • logistic processes like delivery, inventory management, packing, loading, transport etc. are put in rows.
The list of logistic processes was created according to work (Korzeniowski, Skrzypek and Szyszka 1996) , other specification of a number of logistic processes can be found in (ELA 1991), these processes can be performed potentially in every subsystem. Logistic resources are connected with every element of a logistic matrix, so they are connected with both specific logistic process and a subsystem which this process performs. Defining boundaries of a logistic system resources can be treated as separate subsystems e.g. area, transport, inventory, staff. It is assumed that in a short operational time logistic resources are available. Logistic resources are coherent if they are treated as a subsystem of the logistic system. 
NUMERICAL SIMULATION EXPERIMENT
The data for this experiment were collected in a company. The output of the MRP system was used in addition to other sources. Performed experiment based on changes of the available resources. It allows the elimination of "bottle-necks" in the production logistics system. Table 3 . presents a combination of some of the results of a balancing operation with structural unit RO10. This unit was connected to the following units: RO1, RO2, RO21, RO24, RO3, RO5, RO6 and RO19. See Table 3 
FURTHER RESEARCH
In following paper, the authors present the method to model and simulate production logistics systems and describe its application for the analysis of changing available critical production resource. The next step of the research will regard the examination of the potential of a proposed method for spatial redesign of logistics systems. A common problem that appears in logistics systems is the fact that an initially designed system is not corrected when simultaneously the tasks performed by the system are changing according to variable clients needs. The following situation leads to:
• Limited availability of resources in particular locations • The limited productivity of the systems which may appear between the nominal (designed) capacity and the real system throughput • Non-optimal investment decisions regarding increase of capacities in particular location despite the overcapacities available in other locations in the system.
The output of the analyses with use of described method will be used for spatial redesign of resources localizations in a logistics system in order to improve the overall system productivity.
